Obesity is closely related to chronic, low grade systemic inflammation (metaflammation) and it leads to further metabolic complications such as hypertension, atherosclerosis, and type 2 diabetes due to the adipocytokine imbalance. This study was carried out to assess the correlation between progranulin, granulin, adiponectin and visceral adipose tissue-derived serine protease inhibitor (Vaspin) with metaflammation (high sensitivity C-reactive protein (hs-CRP)) in centrally obese men.
Obesity is known to be associated with chronic low-grade inflammation. Obesity-related inflammation can initiate complications such as hypertension, atherosclerosis, dyslipidemia, insulin resistance and type 2-diabetes, which are characterized as metabolic syndrome (MS). Recent studies have shown that adipose tissue serves not only as an energy storage organ, but also as an endocrine organ that produces adipocytokine or adipokine. (1) Obesity causes adipokine imbalance that may lead to decreased expression of adiponectin. Adiponectin plays an important role in the mechanism of action of insulin. Several clinical and experimental studies have reported that adiponectin has functions as anti-inflammatory and antidiabetes, increases insulin sensitivity and protects against obesity-related cardiovascular disorders. Low adiponectin level can occur in insulin resistance and diabetes. (2) Progranulin is a growth factor that is widely expressed and implied for proliferation, wound repair, embryonic development, signal transduction, tumor genesis and inflammation. Progranulin acts as a chemo-attractant molecule similar to monocyte chemoattractant protein-1 (MCP-1), which may contribute to increased infiltration of macrophages in omental adipose tissue in visceral obesity. Progranulin is an important molecule in inflammatory responses. Chronic inflammation is often associated with central obesity; however, the role of progranulin in central obesity, type 2-diabetes, and dyslipidemia is unclear. Previous study by Youn, et al. found a close relationship between C-reactive protein (CRP) and serum progranulin and showed that progranulin is a novel biomarker for chronic inflammatory response in central obesity and other related disorders. (3, 4) Progranulin is known as the precursor of granulin.
CONCLUSION:
We found metaflammation (hs-CRP) was significantly correlated with Vaspin, but not with progranulin, granulin and adiponectin, in obese men. We suggest the possibility of a dynamic expression of adipokines related to WC that are subjected to adipocytes hypertrophy-hyperplasia phenomenon. The physiological and pathophysiological functions of progranulin are quite complex. Proganulin can show antiinflammatory and pro-inflammatory actions. A previous study suggests that the full-length form of the protein shows the anti-inflammatory effects while the proteolytic cleaveages shows the pro-inflammatory effects. (5) Vaspin (visceral adipose tissue-derived serine protease inhibitor) is a serine protease inhibitor family member. The mechanism of anti-protease activity of Vaspin still remains unclear. Hida et al., have suggested Vaspin administration to mice can suppress gene expression of leptin, resistin, and Tumor Necrosis Factor (TNF)-α, and increases peripheral tissue resistance to insulin and increases the expression of glucose transporter-4 and adiponectin, which affect resistance to insulin. Vaspin expressed in obese subjects and cannot be detected in lean subjects with normal glucose tolerance. Vaspin secreted in adipose tissue is regulated and may indicate a compensatory response associated obesity, insulin resistance and type 2-diabetes. Vaspin levels increase in rats suffering from obesity and insulin resistance. (6) (7) (8) Chronic low-grade systemic inflammation is associated with metabolic disorder, known as metaflammation. High sensitivity CRP (hs-CRP) is an acute phase protein used as a marker for metaflammation. Several previous studies have shown elevated levels of hs-CRP were significantly associated with metabolic abnormalities. (9) This study was carried out to investigate the correlation of progranulin, granulin, adiponectin and Vaspin with metaflammation (hs-CRP) in obese men.
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Subjects
The study subjects were recruited from the community in Jakarta, consisted of 43 central obese men (waist
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Methods circumference (WC) ≥90 cm) and 17 non central obese men (WC <90 cm). All subjects aged 30 to 60 years, had no history of hypertension or renal dysfunction. WC was determined by measuring the waist between the lower rib and iliac crest. Information on medical history, current condition, and drug consumption was obtained by interview. Other characteristics such as smoking and alcohol habits were obtained by using a structured questionnaire. Subjects with systolic pressure of ≥140 mmHg and a diastolic pressure of ≥90 mmHg or glomerular filtration rate (GFR) <60 mL/minute or serum glutamic oxaloacetic transferase (SGOT) / serum glutamic piruvic transferase (SGPT) above 2 times the normal value or hs-CRP ≥10 mg/L were excluded from the study. This study was approved by the Ethics Committee of the Medical Faculty, Hasanuddin University, Makassar (registered number: UH13030098), and a written informed consent was obtained from each subject.
Blood collection and biochemical analyses
Blood samples were collected in the morning after overnight fasting for 12 hours, and serum was separated not more than 2 hours after blood collection. Serum levels of SGOT, SGPT, creatinine, and hs-CRP were assayed using auto analyzer Cobas (Roche Diagnostics, Rotkreuz, Switzerland). Commercially available enzyme-linked immunosorbent assay kits were used to measure circulating adiponectin (Sekisui Chemical Co., Ltd, Tokyo, Japan), progranulin (R&D Systems, Inc., Minneapolis, MN), granulin (Cusabio Biotech Co, Ltd., Wuhan, China) and Vaspin (BiovendorLaboratorni medicina a.s., Karasek, Czech) levels.
Statistical analysis
Statistical analysis was performed using IBM SPSS for Windows version 19.0 (IBM Corp., Armonk, NY). All values are expressed as mean ± standard deviation (SD), unless otherwise specified. Subjects were divided into 2 groups based on WC category. Pearson correlation coefficients were calculated to evaluate the relationships between serum progranulin, granulin, adiponectin and hs-CRP, while Spearman correlation coefficients were calculated to evaluate the relationships between serum Vaspin and hs-CRP. Hypothesis testing was two-tailed at a significance level of 0.05. Table 2 . Correlation between IMT, WC, hs-CRP, Progranulin, Granulin, Adiponectin and Vaspin.
The independent t-test was used to evaluate the correlation between parametric parameters, except for correlation between non parametric value of Vaspin vs. other parameters, Pearson correlation test was used. Table 1 shows the anthropometric and metabolic characteristics of the subjects: 47 obese men aged 42.8±7.5 (range: 30.7-56.6) years, with the mean WC of 97.6±6.1 (range: 90-116) cm and 17 non obese men aged 45.1±8.9 (range: 31-59.6) years, with the mean WC of 82.8±5.9 (range: 68-89) cm. The scatter graph shows that the patterns of progranulin, adiponectin, and granulin were similar, whereas Vaspin and hs-CRP showed a similar pattern as well. At WC between 80-85 cm, progranulin, Results granulin and adiponectin levels tended to decline while WC was increasing. At WC 85-105 cm, the levels tended to be stable, even slightly increased. At WC above 105 cm, the levels of these three parameters continued to decline. On the other hand, hs-CRP showed declining levels with WC up to 80 cm, and with WC above 80 cm they tended to increase, whereas vaspin began to increase at WC 95 cm (Figure 1) . Table 2 and Figure 2 show the trend line of correlation between adipokines vs. hs-CRP. Spearman correlation showed a significant correlation in obese men between Indones Biomed J. 2013; 5(2): 107-14 DOI: 10.18585/inabj.v5i2.59
Clinical characteristics of subjects
Association of Progranulin, Granulin, Adiponectin and Vaspin with Inflammation (hs-CRP)
Discussion
The results of this study indicate that there is a significant relationship between hs-CRP and Vaspin in men with central obesity. On the other hand there is no significant relationship between hs-CRP and progranulin, hs-CRP and granulin, hs-CRP and adiponectin.
Adipose tissue is now known as a dynamic endocrine system producing adipokines that affect the immune and metabolic systems. Increased adipocyte size in obesity is also associated with an increased inflammatory response, characterized by the changes in cytokine levels produced by adipose tissue. (10) hs-CRP was chosen as an inflammation marker due to its good stability, precision, accuracy, availability of analyte, and good availability of a standard for calibration. hs-CRP was produced by the liver in response to inflammation, thus referred to as inflammatory markers. Several studies have linked hs-CRP with risk of heart disease, stroke and type 2-diabetes. (11) Previous study by Qu, et al., showed a significant association between progranulin and obesity. The study indicated that progranulin level was higher in the group with type 2-diabetes compared to the healthy group. This indicates that progranulin level is not only influenced by obesity, but also by the level of glucose tolerance in the subjects. Unfortunately, in this study we didn't perform the blood glucose test.
Increased levels of progranulin show dysfunctional interaction between macrophages and adipocytes. Progranulin acts as a chemoattractant molecule similar to MCP-1, which plays a role in enhancing macrophage infiltration into adipose tissue of patients with visceral obesity.(3) In this study, no positive significant correlation was found between progranulin and hs-CRP in all groups.
Progranulin may have a pro-inflammatory effect hs-CRP and Vaspin (r=0.305; p=0.046). Meanwhile, nonsignificant Pearson correlation was found between hs-CRP and progranulin (r=0.048; p=0.758), hs-CRP and granulin (r=-0.223; p=0.150), hs-CRP and adiponectin (r=-0.121; p=0.439) (Figure 2 ).
is a possibility that progranulin is still intact in the form in which the proteolytic processing has not happened that should form the pro-inflammatory granulin. It is suggested that SLPI or HDL might protect the progranulin from proteolysis.
In obese subjects, lower adiponectin concentration was found compared to non-obese subjects. Low level of adiponectin may cause further metabolic disease. Insulin resistance induced by TNF-α can be explained as being related to the inhibition mechanism of autocrine-paracrine of these adipokines. (3) Another previous study has shown that TNF-α suppresses the expression of the activators involved in the gene expression of adiponectin, such as peroxisome proliferator-activated receptors (PPAR)γ. Effects of TNF-α on adiponectin transcription processes can be mediated by c-jun N-terminal kinase (JNK), which phosphorylates PPARγ and reduces its binding activity with DNA. Vice versa, adiponectin works as anti-inflammatory by suppressing the synthesis of TNF-α and induces anti- when cleaved to granulin. High density lipoprotein (HDL)/apo AI (the main component of HDL) works as an anti-inflammatory agent by preventing the cleavage of progranulin into granulin, although its mechanism remains unclear.(12) Secretory leukocyte protease inhibitor (SLPI) is secreted in response to inflammatory stimuli; suppresses TNF-α to activate neutrophils. SLPI binds to progranulin and protects it from elastase, an enzyme released by activated neutrophils in response to TNF-α. When progranulin is digested by elastase, it will turn into granulin, a polypeptide that triggers epithelial cells to release neutrophil-attracting chemokine interleukin (IL)-8. Granulin can stimulate epithelial cells to secrete IL-8, which is the main cytokine that recruits neutrophils. On the other hand, progranulin may inhibit the action of TNF-α. Progranulin exhibit antiinflammatory properties by blocking the binding of TNF to its receptors. (13) (14) (15) In this study, progranulin showed a non-significant positive correlation with hs-CRP, whereas granulin showed a non-significant negative correlation with hs-CRP. There inflammatory cytokines such as IL-10 or IL-10 receptor antagonist. (16, 17) In this study the relationship between the mechanisms of progranulin, granulin and adiponectin on metaflammation process might be mediated by the role of TNF-α, which progranulin provided anti-inflammatory effects by inhibiting TNF-α binding to its receptor, whereas progranulin, in the absence of protection of HDL or SLPI, would be split into pro-inflammatory granulin. The adiponectin levels were decreased in obese group, probably due to the inhibition of TNF-α.
Study by Choi, et al., showed that Vaspin concentrations were positively correlated with BMI, WC and body fat percentage in men without MS. Results of this study showed a positive correlation between Vaspin with IMT in the overall group and obese group, which were consistent with Choi's findings. Meanwhile, compared with the WC, vaspin showed a positive correlation only in the obese group. Vaspin was correlated with the levels of fat in the body as described by a BMI being greater than the WC. Vaspin is a marker for obesity and insulin sensitivity. Increased circulating Vaspin in the subjects of the requested system of physical exercise showed an improvement of insulin resistance in the first week. (6) (7) (8) In this study Vaspin levels decreased in non obese subjects, whereas elevated levels were found in obese subjects. This supports data of the previous study indicating that the role of Vaspin as an insulin sensitizing factor in the subjects who had experienced worsening of diabetes, a condition in which the Vaspin value would become lower. (18) Vaspin inhibits proteases that play a role in the degradation of proteins that are directly or indirectly lowers glucose levels and provide anti-orexigenic effect. Identification of the protease (and the target protein), which is inhibited by Vaspin, will give a better understanding of the work of Vaspin. (19) This study showed a very interesting pattern of observed adipokines based on WC. There is a dynamics associated with the function of adipose tissue in the metaflammation process. Development of obesity depends on the coordinated interaction between adipocyte hypertrophy, adipocyte hyperplasia, and angiogenesis. Study by Marques, et al., showed that enlarged adipocytes produced growth factors that caused adipocyte proliferation and hyperplasia. The state of hypertrophy, local inflammation, and stress may affect metabolism. In this study, levels of progranulin, adiponectin and granulin showed different patterns on WC over 105 cm, might indicate the possibility of hyperplasia, in which new adipocytes cells were capable of storing excess
In this study we found no significant correlation between progranulin, granulin, adiponectin and metaflammation (hs-CRP) in obese men. However, there was a significant correlation between Vaspin and metaflammation (hs-CRP) in central obese men. We therefore suggest that there is a dynamic expression of adipokines related to WC that are subjected to the role of adipocytes hypertrophy-hyperplasia pattern.
Conclusion
